We study the Teleparallel Equivalent of General Relativity (TEGR) with Lagrangian that includes the flat (inertial) spin connection and that is evidently invariant with respect to local Lorentz rotations. Applying directly the Noether theorem, we construct new expressions for conserved currents and related superpotentials. They are covariant both under coordinate transformations and local Lorentz rotations, and permit to construct well defined conserved charges, unlike earlier approaches. The advantage is achieved by an explicit presence of a displacement vector in the new expressions that can be interpreted as a Killing vector, as a proper vector of an observer, etc. The new expressions permit to introduce a principle for definition of an inertial spin connection that is undetermined one in the TEGR from the start. Theoretical results are applied to calculate mass for the Schwarzschild black hole and densities of conserved quantities for freely falling observers both in Friedmann-Lemaître-Robertson-Walker world of all the three signs of curvature and in (anti-)de Sitter space.
Introduction
Last years the interest to Teleparallel Equivalent of General Relativity (TEGR) and its modifications as f (T )-, f (T ax , T ten , T vec )-theories and others, arises significantly; see, for example, book [1] , reviews [2, 3] and numerous references therein. The advantage of such theories is that their equations are of the second order only, unlike other numerous modifications of GR in 4 dimensions. Among teleparallel theories the most developed one is TEGR, see [1] .
In spite of evident successes a construction of conservation laws and conserved quantities given in [1] as the covariant TEGR one. Following [1] , in the framework of the covariant TEGR, we present conservation laws, energy-momentum complexes and superpotentials [1] , and outline problems of these conserved quantities.
In section 3, in the framework of an arbitrary field theory, applying directly the Noether theorem with making the use of the diffeomorphism invariance, we derive conserved currents and related superpotentials of the most general form.
In section 4, applying the results of section 3, we construct the conserved quantities both for the Moller [6] and for the covariant TEGR Lagrangians [1] . It is quite permissible because both of them are scalar densities. However, only the conserved quantities related to the TEGR Lagrangian, that is Lorentz covariant, are free of the aforementioned problems, whereas the ones related to the Moller Lagrangian do not. Advantages of the covariant TEGR Lagrangian and related conserved quantities appear due to incorporating the aforementioned inertial spin connection. However, the last is not determined by the construction. To close this gap, analyzing the structure of the new conserved quantities, we introduce a principle to determine it.
In section 5, we compare incorporation of the inertial spin connection in the covariant TEGR with incorporation of background spacetime structures into a metric presentation of GR to covariantize the Einstein pseudotensor.
In sections 6 and 7, we apply new expressions in the covariant TEGR and the principle for determining the inertial spin connection to calculate the mass of the Schwarzschild black hole and densities of conserved quantities for a freely falling observer both in the Friedmann-Lemaître-Robertson-Walker (FLRW) universe and in (anti-)de Sitter space. We compare inertial spin connections obtained on the basis of our principle in covariant TEGR with the those obtained in [7] under the requirement of a consistence of field equations in f (T ) theories with using symmetries in the Schwarzschild and the FLRW solutions. It surprisingly, but quite different principles lead to the same results in many cases.
In section 8, we outline new results, discuss them comparing with previous ones and give perspectives of their development.
The notations mostly correspond to the ones in the book [1] . One of the important rules is a conversion of the tetrad indices to spacetime ones and inversely with the use of tetrad vectors; for example,
T a µν , etc.
Preliminaries

Lagrangians in tetrad presentations of GR
It is well known that Einstein paid an essential attention to tetrad presentation of GR (teleparallel presentation), particularly, to unite electromagnetic interaction with gravity [8, 9] . A relation of metric GR to tetrad GR is expressed by
where h a µ are 16 tetrad components of a new dynamical field instead of the metric components g µν in GR, and η ab is the Minkowski metric. The Hilbert Lagrangian is rewritten in the tetrad form [10] as
2)
where h = det h a µ = √ −g; g = det g µν . The spin connection of GR
is defined with making the use of the covariant derivative • ∇µ compatible with g µν .
Lagrangian (2. 2) is of the second derivatives of h a µ . By various known reasons, it is more preferable to have Lagrangian of the first derivatives only. On the basis of the Lagrangian (2.2), it is easily to derive such a Lagrangian:
'hat' means that a quantity is a mathematical density of the weight +1. Explicitly Lagrangian (2.4) is rewritten as
that is the well known Moller Lagrangian [6] .
Let us outline briefly Lagrangians (2.2) and (2.5) . The Hilbert Lagrangian is a scalar density of the weight +1. Besides, it is Lorentz invariant, because it depends on the metric (2.1) and its derivatives only, which are Lorentz invariant. Concerning the Moller Lagrangian (2.5), it becomes not invariant with respect to local Lorentz rotations, whereas it continues to be a scalar density of the weight +1. Basing on the Lagrangian (2.5), Moller has suggested the gravitational energy-momentum complex and related superpotential, which are covariant with respect to coordinate transformations. However, they, like the Lagrangian (2.5), are not covariant with respect to local Lorentz rotations, for a more detail see subsection 4.1.
To conserve the advantage of (2.5) with a spacetime covariance and with the first derivatives only, but to restore the Lorentz invariance, one has to turn to the covariant TERG, see the book [1] . We pay the main attention to the formalism developed in [1] and do not touch principles of constructing covariant TEGR, like principles for constructing a gauge theory for the translation group; for discussing a philosophy of covariant TERG we again send a reader to the book [1] . The basic formulae are as follow. Lorentz rotation for the tetrad components has the form:
6)
Analogous transformations are applied to arbitrary tensors with the tetrad indices. Under a Lorentz rotation an arbitrary spin connection A a bµ is transformed as
The GR spin connection ( 
where • Dσ is the Lorentz covariant differential operator. Applied to a tetrad vector, for example, it is defined as
Again, to have Lagrangian of the first derivatives only one has to select a divergence,
As a result, the Lagrangian (2.11) transforms to the explicit form:
Frequently it is more convenient to use torsion tensor instead of contortion one:
that is both spacetime and Lorentz covariant the same as the contortion tensor. The explicit expression for the torsion tensor is
This expression due to the antisymmetry in µ and ν can be rewritten in evidently tensorial form:
Finally, Lagrangian (2.11) acquires the form: A a bµ = 0, is usually called the Weitzenbök gauge in TEGR, and then one easily finds that the Lagrangian (2.12) transforms to (2.5) . In spite of that there is a basic difference. Indeed, after generalizing the Weitzenbök gauge one has • A a bµ = 0 and the covariant TEGR Lagrangian again becomes of the form (2.12), whereas the Moller Lagrangian saves the form (2.5). Thus, below we will distinguish the Moller presentation from the covariant TEGR presentation and inversely, and compare them.
The field equations
For the sake of generality, let us include matter sources in both the cases of Lagrangians L M in (2.5) and
• L in (2.16) as follows,
17)
with generalized matter fields φ; the tetrad field is included into L m over the metric (2.1) only. The field h a ρ is an unique dynamic gravitational field, therefore the field gravitational equations are obtained by varying with respect to h a ρ only. The inertial spin connection
is, in fact, the parameter (passive) field, therefore it does not participate in the variation with the goal to obtain the equations of motion.
Thus, keeping in mind that
variation of (2.17) and (2.18) with respect to h a ρ gives the equations of motion 20) where the matter energy-momentum tensor is defined as 
Providing the direct calculations, one obtains 
Integration of (2.26) and (2.27) by the standard methods [10, 11] gives integral conserved quantities on hypersurfaces x 0 = const := Σ:
This construction was possible namely due to the spacetime covariance. 
The fields ψ A are an arbitrary tensor density or a set of such densities, where A is a collective index. We derive conserved quantities and related conservation laws that follow from diffeomorphism invariance, see [5, 12, 13] . We consider the variations of ψ A in the form of the Lie derivative
note that we use the opposite signs with respect to the standard ones. The description of the notations, like ψ A α β , and their algebra can be found in Appendix 3.1 of the book [5] . Here, it is enough to know concrete transformation properties of ψ A . Thus, one knows the Lie derivative of the vector ψ A = φ σ , then the formula (3.2) shows that φ σ | α β = δ σ β φ α . Analogously for the tensor ψ A = π µν one has π µν | α β = −δ α µ π βν − δ α ν π µβ , etc. Because, the Lie operator (3.2) is linear, the notation ψ A α β is generalized easily to an arbitrary set of tensor densities, for example, like ψ A = {φ σ , . . . , π µν }. The notation ψ A α β is quite compact and significantly simplifies calculations, see Appendix 3.1 of the book [5] .
Because L is a scalar density of the weight +1 the diffeomorphism invariance leads to the main Noether's identity:
This identity after substituting (3.2) can be rewritten in the form:
where the coefficients under the divergence are fully determined by the Lagrangian,
Executing the operation of the partial derivative in the identity (3.5) and taking into account that the vector field ξ σ , and all its partial derivatives are independent and arbitrary at each point of spacetime manifold, we come to the conclusion that all coefficients coupled with ξ σ , and its partial derivatives must be separately equal to zero. It yields the system of identities:
Thus, the coefficient (3.7) is antisymmetric in two last indices.
The system (3.8) -(3.10) was engineered by Klein, see general and detail discussion in [14, 15] . Therefore, we refer to this system as the Klein identities. After differentiating (3.9) and using (3.10) one obtains that ∂ α U σ α ≡ 0. This means that the right hand side of (3.8) must be equal to zero identically as well,
It is just the claim of the second Noether's theorem [16] , besides it is a generalization of the Bianchi identity. Taking into account the historic development, we call the system (3.8) -
(3.11) as the Klein-Noether identities.
The identity (3.11) suggests that instead of (3.5) one can use independently (3.11) and
The vector density entering under the divergence is classified as the current
The minus sign is chosen for making a correspondence with the usual minus sign in front of the gravitational (metric) action, see, for example, (2.2). Thus, the identity (3.12) is rewritten as
Because it is the identity, the current has to be expressed through a divergence of a quantity (superpotential), I α (ξ) ≡ ∂ β I αβ (ξ), a double divergence of which has to be equal to zero identically: ∂ αβ I αβ (ξ) ≡ 0. Let us show this.
Substituting (3.9) into (3.13), one obtains
Because M σ αβ is antisymmetric in α and β the identity (3.15) can be rewritten in the form:
where the superpotential is
One can see that the identity (3.14) for the current follows from the identity (3.16). The conservation law (3.14) permits to define a conserved quantity, P(ξ), on a hypersurface Σ := t = constant:
By (3.16) it is effectively reduced to a surface integral:
that is called as a conserved charge.
Conserved quantities
In this section, basing on the results of previous section, we construct conserved quantities both in the tetrad GR in the Moller presentation and in the covariant TEGR presentation and compare them.
The Moller conserved quantities
The Moller Lagrangian (2.5), being spacetime covariant, is of the kind in (3.1) considered above. The collective field ψ A is presented by a tetrad of covariant vectors: ψ A = {h a ρ }, no other fields here. Variations (3.2) are rewritten as
Then, the coefficients (3.6) and (3.7) related to the Moller Lagrangian (2.5) are
Note that the quantity
in the expressions (4.2) and (4.3) is spacetime covariant, although it is not Lorentz covariant.
Finally, the current (3.13) related to the Moller Lagrangian acquires the form:
where the Moller [6] gravitational energy-momentum tensor is defined as
By the general formulae (3.6) and (3.13), the current (4.5) is presented with the partial derivatives ∂ σ h a ρ and ∂ ρ ξ σ only. However, one can easily show that it is equivalent to the evidently covariant form (4.5) with
The current (4.5) is conserved identically
It, as usual, is expressed identically through a divergence of the superpotential:
where the superpotential, see (3.17), is
All the derived above expressions are spacetime covariant, however they are evidently Lorentz non-covariant. Thus, first, we support the claim by Moller [6] that the energymomentum (4.6) and the superpotential (in the Moller interpretation) (4.3) are not covariant with respect to local Lorentz rotations. Second, we make more wide assertion that both the current (4.5) and the superpotential (4.9) are not Lorentz covariant as well.
At last, let us make two remarks. First, all the above conservation laws are the identities only. To make them physically sensible one has to use the field equations (2.19) . Then the current (4.5) acquires the form:
and all the identically conserved quantities become physically conserved quantities.
Second, to improve the situation one could use the reference (auxiliary) spin connection A i jµ and modify the superpotential (4.9) as
This quantity is both spacetime covariant and Lorentz covariant. Then, first, because it has no tetrad indices its divergence is also Lorentz covariant; second, due to antisymmetry its double divergence disappears. The conservation law 
Then, the coefficients (3.6) and (3.7) related to the covariant TEGR Lagrangian (2.16)
Next, taking into account (2.16) and (2.14) one concludes
Then, the current (3.13) acquires the form:
where the quantity
can be interpreted as the energy-momentum tensor of the gravitational field in the covariant TEGR. Initially the current (4.18) was presented with the partial derivatives ∂ σ h a ρ and ∂ ρ ξ σ only. However, one can easily show that it is equivalent to the evidently covariant form Due to the definitions (2.9) and (2.23) the current (4.18) and the energy-momentum (4.19) can be represented as
both of them are explicitly spacetime covariant and Lorentz covariant.
The current (4.20) is identically conserved, see (3.14),
The current is expressed identically through a divergence of the superpotential, as well,
The related superpotential, see (3.17), is
The direct calculation gives
Formally this result coincides with (4.11). However, here • A i jµ has been introduced into consideration from the start, basing on the inner philosophy of constructing covariant TEGR [1] . On the other hand,Ā i jµ in (4.11) is introduced "by hand" at the final stage as an additional assumption.
The relations (4.22) and (4.23) are identities only, they do not bring a physical content because up to now the field equations have not been used. After using the equations (2.20) the current (4.20) transforms to
As a result of using the field equations, the identities (4.22) and (4.23) become physically sensible differential conservation laws: 
Thus, the problem of construction of conservation laws remarked under discussion of (2.31)
is resoled by construction in (4.27) -(4.29).
Principle of determining inertial spin connection
Although problems of constructing conserved quantities in the covariant TEGR have been resolved above, the relation between the GR spin connection To introduce constructive properties for the principle of determining • A i jµ we make the following. Derive the curvature tensor For a comparison in the metric presentation of GR we choose the method suggested by Katz, Bičák and Lynden-Bell (KBL) in [17] that gives a possibility, making the use of the Noether theorem, to construct conserved coordinate covariant current and related superpotential that contain as parts covariantized both Einstein's pseudotensor and Freud's superpotential. Their main idea is to construct a relative bi-metric Lagrangian with incorporating auxiliary background metricḡ µν and related Christoffel symbolsΓ α βγ . The usual form of the Hilbert Lagrangian in the metric presentation is
where • Γ ρ µν are the Christoffel symbols compatible with the physical metric g µν . The background strictures,ḡ µν andΓ α βγ , can be incorporated into (5.1), and the last is rewritten identically in the evidently covariant form
Here, the difference
is a tensor of third rank, and∇ ρ is a covariant derivative compatible withḡ µν . To derive the covariant KBL Lagrangian one has to subtract from the Hilbert Lagrangian (5.2) a related divergence and the background Hilbert Lagrangian. Thus,
After that one obtains the KBL Lagrangian (5.4) in the final explicit form:
Now, we are in a position to compare the method of constructing new conserved quantities in the covariant TEGR suggested here and the KBL method in metric presentation of GR.
to pseudotensors (not tensors) and not covariant superpotentials, like metric Moller's superpotential, for a detail see Chapter 1 in the book [5] . Recently, in [18] the theories f (R) and f (T ) have been studied and compared. Both of the Lagrangians are Lorentz and coordinate covariant, but the Noether theorem with using invariance with respect to constant coordinate displacements only has been applied. As a result, the authors have obtained conserved pseudotensors only, not tensors.
Analogies:
First, both of the methods start from the Hilbert Lagrangian without additional structures a) in the tetrad form (2.2) and b) in the metric form (5.1). Sixth, in the KBL method, a background spacetime usually is chosen by a concrete problem under consideration; in the covariant TEGR, to choose • A i jµ we must follow, for example, the principle given in previous subsection that is connected with the solution under consideration as well.
Second, in the covariant TEGR, one defines
Differences:
The first remark is a formal one. The KBL Lagrangian (5.5) includes extra term,L H , with respect to the covariant TEGR Lagrangian (2.12). It is because the KBL method permits to choose an arbitrary curved background including non-vacuum spacetimes with non-zero curvature defined byΓ α βγ ; whereas in the covariant TEGR the curvature defined by 
Mass of the Schwarzschild black hole
In this section, we use the results of subsection 4.2 to obtain mass of the Schwarzschild black hole as a conserved charge (4.29).
The conserved charge
Consider metric in the spherical Schwarzschild coordinates:
Recall that the dynamical variables in TEGR introduced in (2.1) as the tetrad components h a µ admit arbitrary local Lorentz transformation. So, we can choose every tetrad satisfying metric obtained by solving field equations of GR. Usually it is more convenient to work with a diagonal tetrad because one can apply simple transformations between coordinate and local indices. So, from the start we construct the diagonal tetrad from the metric (6.1), keeping in mind (2.1),
First we calculate GR spin connection (2.3) for the metric (6.1) and the tetrad (6.2).
The non-zero components are:
To define inertial spin connection • A a cµ we need to calculate • A a cµ at the "background" where the gravity is off, i.e., when the Riemannian tensor vanishes: Now, using (2.9), we get contortion • K a cµ , the non-zero components of which are:
Then the torsion tensor 
and the same with opposite sign for swapped upper indices. Now we are in a position to calculate the total mass/energy of the Schwarzschild black hole. We use (4.24) and (4.29), and choose a displacement vector as the time-like Killing vector ξ α = −1, 0, 0, 0 . As a result, we obtain
where it was used κ = 8π , h = r 2 sin θ.
Recall that the charge defined in and (6.4) with the Lorentz matrix:
the tetrad components become
whereas the inertial spin connection vanishes,
• A a bµ = 0. Using this gauge in (6.8), we obtain again E = M.
Discussion
It is useful to compare our results with those in a more earlier paper [19] , where the Moller presentation of GR, with the Lagrangian (2.5), equations (2.19) simplified to the vacuum state, energy-momentum (4.6) and superpotential (4.3), is studied. There is no a presence of • A i jµ totally. The authors have found two different spherically symmetrical static vacuum tetrad solutions. They correspond to two known metrics of the Schwarzschild solution that are connected by related coordinate transformations. The calculation of the total charge with making the use of the superpotential for the first tetrad gives unacceptable 2M, whereas for the second tetrad one obtains acceptable M. The authors cannot explain this result. But in later studies (see, for example, [20] , and our results here) one explains the problem of [19] easily. It turns out that both of the tetrad solutions in [19] are connected not only by coordinate transformations, but by a local Lorentz rotation as well. Therefore, because the Moller presentation is not Lorentz covariant one obtains different charges. The case of acceptable result M corresponds to a so-called proper tetrad in Weitzenböck gauge both in our presentation here and in [20] . Now, it is instructively to discuss results of the paper [20] in a more detail. The authors consider inertial spin connection as a regularizer in constructing conserved quantities. From the start they notice that if one sets becomes permissible. The difference from our approach is, first, that we take into account • A i jµ from the start as a necessary structure of the formalism in whole, whereas in [20] it is introduced as a compensating structure in constructing conserved quantities. Second, taking into account a displacement vector in all the expressions explicitly, we can construct charges in an arbitrary gauge, whereas in [20] it is necessary the Weitzenböck gauge.
At last, in [7] , under the requirement of a consistence of field equations in f (T ) theories the authors are searching proper tetrads, or appropriate inertial spin connections. Essential condition is that symmetries of assumed solutions are taken into account. In the case of spherical symmetries their proper tetrad adopted to the Schwarzschild solution is simplified exactly to our result (6.10). It surprisingly, but it turns out that quite different principles lead to the same results.
A freely falling observer
Here, we calculate densities of conserved quantities for a freely falling observer in the FLRW universe and in the (anti-)de Sitter (A)dS space. To follow this goal we need to find the components of the Noether current 
Let the observer be at rest in the frame of (7.1) with the proper vector ξ α = (−1, 0, 0, 0); and let the symmetric energy-momentum tensor, T µν , be introduced for matter propagating in the Minkowski space. After that define a conserved current I α = T α β ξ β . Then I 0 can be interpreted as the energy density measured by the observer. In this simplest case I i can be interpreted as momentum density. Under arbitrary coordinate transformations components I α are transformed as vector ones with a correspondence to the tensorial law.
In the case I α = 0, one states the absence of densities of conserved quantities, like energy and momentum, measured by the observer. Keeping in mind the above simple notions, we will interpret the components • J α (ξ). Note also that, following the conservation law (4.28):
one can check the current components expressed through a divergence of the superpotential,
• J αβ (ξ), defined in (4.24).
The FLRW universe
We consider the FLRW metric in the form:
where k = +1 for a positively curved space, k = 0 for a flat space and k = −1 for a negatively curved space. Then, following (2.1), we take a more convenient for calculations diagonal tetrad, h a µ = diag (1, a/χ, ar, ar sin θ) . (7.4) Here and below we denote χ = √ 1 − kr 2 ; for the sake of definiteness we chose the positive sign of χ only; because we study local characteristics only we require that χ requires real values only. Following (2.3), we calculate components of the GR spin connection for (7.3) and (7.4):
To calculate the inertial spin connection, again we need to solve • R a bγδ = 0. For the system under consideration it is more appropriate the equivalent equation 
where i, j = 1, 2, 3. Equating these components to zero we got two equations:ȧ 2 + k = 0 andä = 0. All solutions to the first equation satisfy the second equation, so onlẏ a 2 + k = 0 (7.7)
is important. It is interesting to note that solving "vacuum" Friedmann equation
one obtains (7.7) as well.
Taking the solution to (7.7) in the united form a(t) = √ −kt for all the three signs of curvature and substituting it into the GR spin connection (7.5), we get the non-zero components of inertial spin connection:
For each of the signs of curvature one can set √ −k = ±i; 0; ±1. Thus, the components (7.9)
become complex values 2 for k = +1; are related to Minkowski space a(t) = const for k = 0;
and are related to the Milne solution, a(t) = ±t for k = −1.
2 At the end of the section, we discuss possibilities to use complex components of the spin connection.
For the system under consideration it is more economical to present the components of the contortion tensor in the tetrad components Now, we are in a position to calculate components of the current (4.26): This result is suported by a direct calculation of the right hand side of (7.2). Taking into account (7.4), (7.12) and (7.13), one finds
Sa αβ h a σ ξ σ ) = 0. One can easily recognize this result observing (7.12) where components with low 0-component are absent. The result (7.16) means that the freely falling observer with the proper vector (7.13) does not measure energy and momentum densities.
To go to the Wietzenböck gauge one has to apply the Lorentz rotation: that, indeed, suppresses the spin connection (7.9) totally. The tetrad (7.4) takes the form of the proper tetrad:
Notice that the Lorentz rotation (7.17) can be represented by an action of two matrices Λ = Λ rot Λ boost where Λ rot presents 3 dimensional space rotation already is defined in (6.9), and Λ boost presents the boost:
Without doubts, we could provide all the above calculations in the Wietzenböck gauge and finally obtain the same result (7.16) . It is because all the tensors written in all spacetime indices are invariant under Lorentz rotations; all the tetrad indices are contracted in the expression for the current. So, we obtain again that freely falling observer measures zero's densities of energetic characteristics.
The (anti-)de Sitter space
Now, let us consider the (anti-)de Sitter (A)dS solution with the metric:
The related diagonal tetrad that is a more convenient one is
One recognizes easily that calculations are to be analogous to the ones in the case of the black hole, but with the replacement of 2M r to 1 3 Λr 2 , see (6.1) and (6.2). Following (2. 3), we calculate for (7.20) and (7.21) components of the GR spin connection, non-zero's of them are • A 0 10 = • A 1 00 = − 1 3 Λr;
The Riemann tensor for the (A)dS space is derived as usual • R a bγδ = Λ (h a γ h bδ − h a δ h bγ ). We repeat: to calculate the inertial spin connection we need to solve • R a bγδ = 0 that means that we need to put Λ = 0 in (7.22) . Then we obtain
that are the same inertial spin connection components as for the black hole (6.4), and that is not surprising.
The components (7.22 ) and (7.23) are written in the mixed indices Now, we derive the components of a proper vector of freely falling observers for (7.20) in the most general form:
where C is a constant of the integration of the system of equations for geodesics that can be an arbitrary real quantity. Calculating components of the current • J α (ξ) and repeating all the steps in the FLRW case we obtain that the 0-component of the current (7.14) is
whereas other components are zero's,
• J i (ξ) = 0. This result is supported by a direct calculation of the right hand side of (7.2). Among all the free falling observers defined by (7.27) we can distinguish a one being at rest with respect to the Hubble flow related to the maximally symmetric (A)dS space. Recall that the Hubble flow has zero velocity at the coordinate origin, r = 0. Then, placing the observer at the point r = 0 and choosing C = 1 in (7.27) one has for its proper vector ξ α = (−1, 0, 0, 0), compare with (7.13). First, this means that such an observer is "frozen" in the Hubble flow because it is at rest in the coordinate origin, second, the component of the current (7.28) becomes zero, that is now totally • J α (ξ) = 0. All of these mean that interpretations of densities of conserved quantities for such an observer have to be the same as those for the observer at rest with respect to the Hubble flow in the FLRW case, see discussion in the next subsection.
Finalizing subsection, let us go to the Wietzenböck gauge. Applying Lorentz rotation (6.9), one suppresses all the components of the inertial spin connection (7.23), then the proper tetrad acquires the form 
Discussion
Discussing the conserved current • J α (ξ) defined in (7.14) for a freely falling observer, we turn to the both cases, the FLRW universe and the (A)dS space. We have found that in both the cases all its components are zero: It is quite constructive and instructive to compare our results with those in [7] for the FLRW case. The authors under the requirement of a consistence of field equations in f (T ) theories are searching proper tetrads for solutions with more popular symmetries. Besides, they find appropriate inertial spin connections for diagonal tetrads. For the sake of definiteness we note that in [7] the same metric element (7. 3) and the same diagonal tetrad (7.4) are under consideration.
In our study, the inertial spin connection (7.9) and the proper tetrad (7.18) unite all the three possibilities of the curvature sign. In the case of spatially flat universe, k = 0, we note that our inertial spin connection components (7.9) related to the diagonal tetrad and our proper tetrad (7.18) are the same as in [7] . For the case k = +1, they become complex ones, and there is no such a solution in [7] . For the case k = −1, (7.9) and (7.18) are real and coincide exactly with the real solution for k = −1 in [7] . Thus, we add [7] .
On the other hand, the authors of [7] present solutions that we cannot give. We derive here the components of the inertial spin connection related to the diagonal tetrad only. In the united form they are
It turns out that calculation of the components of the current (7.14) for the diagonal tetrad (7.4), GR spin connection (7.5), proper vector (7.13), but with inertial spin connection (7.30) instead of (7.9), gives again
Then we have 4 permissible variants of the inertial spin connection, (7.9) and (7.30), uniting the cases k = +1 and k = −1, which give the acceptable result
Among them 2 possibilities are complex ones. In [7] the sense of complex spin connection (or complex proper tetrad) is not discussed. We try to do this now in the light of defining conserved quantities in TEGR. Already, we have remarked that an inertial spin connection plays an auxiliary role in the covariant TEGR. Indeed, it is absent in the field equations.
The main requirement to the inertial spin connection is that a related curvature must be zero, it is the main requirement of the teleparallel approach. Thus, because the complex variants of (7.9) and (7.30) have zero curvature they could be used for calculating conserved quantities in TEGR saving the real expressions for the diagonal tetrad. On the other hand, in any case one can choose the real variants from (7.9) and (7.30) for the cases k = −1 and k = +1, respectively.
At last, let us note that the formalism developed in [7] does not permit to define a proper tetrad (and inertial spin connection related to diagonal tetrad) for the (A)dS space, whereas we define them here, they are (7.29) and (7.23).
Concluding remarks
From the start let us list main results presented in the present paper:
1) In the framework of the covariant TEGR we have constructed conservation laws (4.27) and (4.28) with the conserved current (4.26), including the gravitational energy-momentum (4.21), and the superpotential (4.24). All of these quantities are covariant with respect to coordinate transformations and are invariant with respect to local Lorentz rotations.
2) The local conserved quantities gives a possibility to present well defined conserved charges (4.29) .
3) In subsection 4.3, analyzing the structure of the conserved quantities we introduce the principle for determining inertial spin connection.
4)
Discussing a philosophy of constructing conserving quantities in the covariant TEGR we compare it with constructing the covariantized both Einstein's pseudotensor and Freud's superpotential developed in [17] . We remark many analogous properties and some differences.
5)
To show that our theoretical results are useful and powerful we provide some applications.
First, we calculate mass of the Schwarzschild black hole, basing on observers at rest at spatial infinity, proper vectors of which coincide with the timelike Killing vector, and obtain the acceptable result M. Second, to calculate densities of energy and momentum for freely falling observers in the FLRW universe and (A)dS space. We obtain zero quantities in all the cases that is quite acceptable because we consider observers at rest with respect to the Hubble flow.
The main mathematical tool of the present paper is the Noether theorem. Of course, already it has been used in teleparallel gravity. Thus, in [21, 22] , using invariance with respect to action of specific groups, the Noether approach has been applied to find out analytical cosmological solutions in extended teleparallel gravities and to restrict potential variants of related Lagrangians. However, by this, there are no applications for constructing conserved quantities. In [23] , it was used the diffeomorphism invariance of the Lagrangian, however, the final results have been presented in the simplest expressions, like (2.26), with their problems.
In [18] , the theories f (R) and f (T ) are studied, but the Noether method uses invariance with respect to constant coordinate displacements only. Then, one obtains conserved pseudotensors only, not tensors. Unlike the above, we give well structured expressions for conserved quantities with a clear and standard interpretation.
It is important to clarify the question: Is there a contradiction between the new conservation law (4.28) and the conservation law (2.26) (2.26) . Thus, the construction of (4.28) resolves the problems of (2.26) because after applying the Noether theorem we have not excluded a displacement vector ξ α from the consideration. Namely this permits to construct local and global conserved quantities trusting a covariance of both the kinds.
Besides of the aforementioned formal mathematical role of ξ α , it has a quite principal role in constructing conserved quantities and their interpretation. For example, if a displacement vector is a timelike Killing vector at space infinity one can interpret a charge as a mass of a system, see section 6; if ξ α is a proper vector of observer one can interpret components of the current as related densities, see section 7; etc. This, classical approach differs fundamentally from many others used in works in teleparallel gravities, where authors identify an observer with a timelike tetrad vector, see, for example [20, 24, 25] and references there in. Formally it looks permissible, however, there are problems in principles. Indeed, the observer is to be considered as an external object created for testing (observing) a physical or geometrical model. In contrast with this point of view, any tetrad vector components, being dynamical variables, are internal objects in TEGR, not an external structure.
The other very important question that must be discussed is the role of inertial spin connection,
• A i jµ , in the covariant TEGR. In spite of that the Moller Lagrangian (2.5) and the TEGR Lagrangian Last time a great attention arises to extended variants of teleparallel gravity. The most popular is f (T ) theories, see [7, 26, 27, 28, 29, 30, 31, 32] and references there in. Our principle of defining proper tetrad (the same, of defining A i jµ , could be determined by its own field equations, which just coincide with the antisymmetric part of the field equations. It turns out that all modified teleparallel theories with second order field equations belong the same property, see [33] .
The problem of determining both a proper tetrad and an inertial spin connection in a f (T ) gravity is too complicated to be solved in general. In [7, 32] , it is suggested to study the problem on the basis of the symmetry considerations. The authors demonstrate the method in the case of axially and spherically symmetric spacetimes, homogeneous and isotropic spacetimes (FLRW universes) and maximally symmetric spacetimes ((anti-)de Sitter spaces).
Comparing our results with those in [7] , we remark that, first, in the case of the Schwarzschild black hole they are identical, second, in the case of the FLRW universe they add one other, third, in the case of the (A)dS space we define a proper tetrad, whereas the authors [7] do not.
In future, we plan to develop the presented here results to construct the Noether currents and superpotentials (i) both in f (T ) theories and other modifications of TEGR; (ii) for perturbations in TEGR.
